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V e ’e r e n n a r y  R e c o r d  ( 1 9 8 8 )  1 2 3 ,  6 3 8 - 6 4 4  pa tho log ica l  exam ina t i on  of  the  b r a i n  r evea l ed  a  spong i f o rm 

Th is  study,  in i t ia ted i n  & r h e  1 9 8 7 ,  d e sc r b es  t he  e p i d em i o l o g y  
encepha l opa thy ,  cons istent  in  alI ma j o r  respects  wi th that p r e -  
t i oudy desc r i bed  (We l l s’ a n d  o the rs  1 9 8 ? ‘). 

_  

of  b o v i n e  s pong i f o rm  e n c e p h a l o p a t h y  @ S E ) , a  recen t l y  desc r i -  
b e d  n ove l  n eu r o l o g i c a l  d i s e ase  of  domes t i c  cat t le  first i den t i f i ed  

Chn ica l l y  suspect  cases  we r e  de f i ned  as  those  wh i ch  o n  

i n  G r e a t  B r i t a i n  i n  N o v e m b e r  1 9 8 6 .  Reco r d s  s u g g e s t e d  that  t he  
cl in ica l  exam ina t i on  p r esen ted  a  s ynd r ome  cons istent  with, o r  

ear l i es t  s uspec t ed  cases  o c cu r r e d  i n  Ap r i l  1 9 8 5 .  T h e r e  w a +  
hav i ng  s ign i f icant fea tu res of, the  o r i g ina l  descr ip t ions of 
s igns  exh ib i ted  by  an ima l s  s h own  to h a ve  the  neu ropa tho l og i -  

I * varM&i t~ . i u .  t he’p rese t i t i ng  s i gns  a n d  t he  d i s e a% .  emu - se ,  bu t  .I: r a 1  changes  of con f i rmed  & ‘sc~  (WeIts’,at id o the rs  ?987 ,  I .: 
the  majo r i ty  o f  cases  d e v e l o p e d  b e h av i o u r a l  d&o r d e r s ,  ga i t  
at&a,  pa res i s  a n d  loss of  b odywe i gh t ;  p ru r i t us  w a s  no t  a  p r e d -  

Cranwe l i  a n d  o the rs  1988 ,  G i lmou r  a n d  o the rs  1988 ) ,  bu t  o n  

om i n an t  s ign .  T h e  f o rm of  t he  e p i d em i c  w a s  typ ica l  o f  a n  ex t en -  
wh ich  n o  neu ropa tho l og i ca l  exam ina t i on  was  conduc ted .  

d e d  c o m & o o  s ou r c e  i n  wh i c h  ,aJl  a f fec ted  an ima l s  w e r e  i n d ex  
Al l  ‘cases’ of B S E  re fe r  to the  summa t i o n  of con f i rmed  a n d  

_. ,: c a m  Th‘e  “‘se. of’tli’~ l ~ ~ ~ ~ ti~  oi.‘~ tgl’i~u l t ,~~a l“~ fi~ ~ i h i ‘s. o n  cl in ical ly suspect .  cases.  
‘. ” “- .’ . . 
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ana l y ses  e l im i na t ed  B S E  f r om’b e i n g  exdus ive f f  d e t k&d’by  Co l l ec t i on  o f  d a t h ’ 
.._ ) i  : _ .  I L  . _  _ .  I_. .i I I, ._  I.- : -* I 

A  ques t i onna i r e  was  u s ed  to ob ta i n  ep i dem io l og i ca l  da ta  
f rom he r ds  wi th at least  o n e  con f i rmed  case.  Th is  p r ov i ded  the  
fo l l ow ing  deta i ls  re la t ing  to cases:  da te  of bi r th; b r eed ;  sex; 

s imp l e  msnde l i a u i nhe r i t a nce .  .Ne i the r  w a s  t h e r e  a n y  e v i d e n c e  
that  it w a s  i n t r o duced  i n to G rea t  Br i ta i n  b y  impo r t e d  cat t le o r  
s emen .  T h e  s tudy  suppo r t s  p r e v i o us  e v i d e n c e  of  ae t i o l og i ca l  
s imi lar i t ies b e t w e e n  B S E  a n d  sc r ap i e  o f  s h eep .  T h e  t i nd i ngs  
w e r e  cons is ten t  w i th  e x p o s u r e  o f  cat t le  to  a  sc r ap i e - hke  agen t ,  E  v ia  cat t le  f e eds t u f f s ~& . n i u g . r u n$na&& - i v ed  p r o t e i n  i’i is _ _ _ _ . _  - - - - -  _ . -  -.... _ _  - - .L  
s i i gges ted  that  e x p o s u r e  b e g a n  i n  1 9 8 1 / 8 2  a n d  that  t he  ma jo r i ty  
o f  a f fec ted  an ima l s  b e c a m e  in fec ted  i n  ca l f hood .  

. _ .  . _ .  _ ’ ‘_  . . . 

IN Oc tobe r  1987 ,  We l l s  a n d  o the rs  r epo r t ed  the  occu r r ence  of 
a  nove l  neu ro j og i ca i  d i sease  of domest i c  catt le in  sou the rn  
E n g l a n d  wh i ch  has  c lose  s imi lar i t ies to na tu ra l  sc rap ie  of 
s h e e p  a n d  re la ted  t ransmiss ib le  spong i f o rm en -  
cepha lopa th i es .  T h e  d i sease  was  acco r ded  the  n a m e  bov i ne  
spong i f o rm encepha l opa t hy  ( BSE ) .  T h e  init ia l  cases  we r e  d i ag -  
n o s e d  by  h is topatho iog ica l  exam ina t i on  in  N o v e m b e r  1986 ,  
a n d  by  J u ne  1 9 8 7  the  r epo r t ed  i n c i d ence  r e q u i r e d  a n  ep i -  
d em i oJog i ca1  invest igat ion.  Th is  p a p e r  desc r i bes  the  resu l ts of 
the  init ia l  s tud ies to ob ta i n  desc r i p t i ve  ep idemio log ica l ,  in -  
c l ud i ng  gene t i c  in fo rmat ion;  to mon i t o r  the  d i sease  i nc i dence  
bo th  wi th in  he r ds  a n d  nat iona l ly ;  to col lect da ta  o n  the  f re- 
q ,uency  o f , i nc#dua j  chn jca j  s igns. a n d  the  du ra t i on  of the  d is-  
ease ;  a n d  to de i r e l op  aet io log ica l  hypoth .eses.  

C a F e  f i nd i ng  

the  h e r d  of o r i g i n  of the  an ima l  if pu rchased ;  the  da te  of cl in i -  
ca l  onse t  a n d  s tage  of p r e gnancy  at onset ;  the  p ed i g r e e  of the  
an ima l  w h e n  known ;  the  ident i t ies of of fspr ing, r e ta i ned  a n d  
i n - t ended  to b e  re ta i ned  jn  the.ad,u j t  he rd ,  a n d  of s jb l ings with. 
the  s a m e  d a m  as  the’case  re ta i ned  in  the  adu l t  he rd .  T h e  p res -  

_ _  . . . . 

e n c e  o r  a b sence  of speci f ic c l in ica l  s igns, p rev ious ly  es -  
tab l i shed  in  con f i rmed  cases  a lso  o r i g ina l  h istor ies a n d  cf in ical 
obse rva t i ons  we r e  r e co r ded  for e a ch  case.  Spec i f ic  des -  
cr ip t ions of the  p resen t i ng  s igns  a n d  p r ogess i on  of the  d i sease  
we r e  a lso  ob t a i ned  f rom the  h e r d s m a n  a n d  vete r ina ry  sur -  
g eon .  

In add i t ion ,  the  fo l l ow ing  da ta  re la t ing  to the  h e r d  we r e  
ob ta ined :  h e r d  type; adu l t  h e r d  s ize a n d  a g e  structure; the  
p r esence  of s h e e p  o n  the  fa rm s ince  1980 ;  the  dest ina t ion  of 
an ima l s  so ld  a n d  the  o r i g i n  of b r e ed i n g  an ima l s  s ince  the  b i r th 
of the  init ia l  case,  a n d  deta i ls  of the  u se  of the rapeut ic  
pha rmaceu t i ca l  p roducts,  vacc ines,  pest ic ides a n d  herb ic ides.  
Feed i n g  pract ices s ince  the. b i r th of the  in i t ia l -case,were & s o  s. . -  . .’ 2  
de te rm ined .  

T h e  init ia i  ques t i onna i r e  was  mod i f i ed  in  D e c e m b e r  1987 ,  
w h e n  da ta  h a d  b e e n  accumu ra t ed  f rom 1 9 2  he rds .  T h e  mod i -  
f ied ques t i onna i r e  con t i nues  to ob ta i n  i n fo rmat ion  f rom affec- 

In fo rmat ion -  o n  cases  of B S E  , ,was ob t a i ned  w h e n  .suspect  ._ ted  h&s,  , , . . I .d . . . . . . . . . 1  . I-. *_. 
c l in ica l  inc idents  we r e  r epo r t ed  by  vete r ina ry  su r geons  to T h e  da ta  o n  the  ped i g r ees  of af fected an ima l s  ob t a i ned  

_. .- - J+  ~ & & & y ..& + i @ ~ & ~ ; .~ + & $ & - a n * & f & @  ‘( & q + ~ ~ ~ ~ fi: ’ - fmm.fa rm reco rds  ,~ ~ e . ,supp leR4en re*a~ .e~ te r i ded ,h~~~~ r ; - :  --..:L. .- O s ’- ‘.. * +  
na ry  invest igat ion (VI )  cer i t res as  a  resu l t  of a  na t i onw ide  re -  en te  to b r e e d  society h e r d  books  a n d  records.  i . 

ques t  imt ia ted in  J u ne  1 9 8 7  for the  vdluntaFy..n.~t j f i ]cat ion of He r d  m e e d i n g  records,  f rom 1 9 6 7  to J u ne  1987 , .we re  a b -  . 
st tacaed*fof ‘o n e  ,m u Idp le  case  h e r d  to fac i I i ta te~re i iospect i<e 1. . . ” : ’ 

. genet ic .  ana lyses.  These  reco rds  comp r i sed  the. ident i ty-  of the  
! 

C a s e  de f in i t i on  
f ema les  b o r n  in  the  h e r d  du r i n g  this pe r i od ,  the i r  da te  of bi r th, 
the  ident i t ies of the i r  d a m  a n d  s i re a n d  the i r  da te  of dea th ,  o r  * 
depa r t u r e  f rom the  he rd .  i 

i Con f i rmed  cases  were .  de f i ned  a $  .thos.e. in. wh i ch  pis.t.0,. : . . -  ..‘..,..’ _ -  : _.*. . . . . ._ “. 
~ ! u % I . ~ ~ ~ s  of he rds .  at r isk. for. the  ca lcu lat ion,  of . .herd-  rnc i -  .r. _ _  :: .: ‘.,I. _. 
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de rm i o l o gy  Unit, G . A . H. Wel ls .  E v e + +  M R ? “. P a tho logy  *Wa les  a n d  $co t I$nd  ( M A E F .  DAFS .  ynpubhshed  startstics). -  
Dopdr f r& in i ,’ C&ra t  ‘Ve io r i ’n ‘$ ry  <&o ra to ry ,  N ‘e w  t iaw, 
Woyb r i dge ,  Su r rey ,  1 ~ 1 5  3 1 ~ 0  

To  exam i n e  the  assoc ia t ion  b e tween  cltn ical onse t  a n d  stapc 

M . P . Cranwe l l ,  B A . V e tM R . M R C V S . V e ter inary invest igat ion 
of p r egnancy .  the  m o n thly ca lv ing  d ist r ibut ions we r e  ob t a i ned  

G e n t%  S tapfake M o u n t, S tarcross, Exeter ,  Devon  
f rom a  p rev i ous  study of s o m e  2 5 0  da i ry  he r ds  in  E n g l a n d  e n d  
W a l e >  (Wi lesmi th  a n d  o the rs  1986 ) .  
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Data collrcred by means of the questionnaires were sub~ec- 
red ro conventional epide,mrological analyses to provide a 
quantitative epiderruological description of the disease. The 
data anafysed and presented refer to aff cases whose date of 
clinical onset was before April 1, 1988, unless otherwise speci- 
fied. 

t 

Abnormo! ear posItion j 
0 20 46 60 80 
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b) Posture ond movement 

A computer simufation model was constructed, on the hy- 
pothesis that BSE is caused by a transmissible agent, to exam- 
ine the time of onset and duration of exposure, the incubation 
period distribution and age classes of animals exposed, The 
modef consisted of a large population of calves; young stock 

. . and adu&.the latter were subjected to age specific~cul!ing: j 
rates obtamkd from-previous studies of dairy hei&‘(J. W. 
Wilesmith and J. B. M. Ryan, unpublished observations). 
Values for the exposure parameters and incubation period 
were imposed’ oti the model.‘The incubation period was 
assumed to have a fog normal distribution, and to exhibit no 
variation with age at first exposure. The age specific inci- 
dences of BSE in herds with confirmed cases during 1987 were 
used to assess the.,vaiidity of the exposure and incubation 

-..‘-per‘iiod parameters-“‘The simulation wtgs also used to$rediet..: 
changes in age specific incidences iri future years. 

The complete herd breeding records obtained from the 

0 20 40 60 80 100 
x. 

c) Sensation 

~perocsthesia - touch k sound 
Kicklng in orlour 

Head s ynesr e, 
E~~assive GOT movement 

‘ c Excessive nose & floank .lickjng. 
Hehd rubbmg 

multiple case herd were analysed to examine the hypothesis 
that BSE is &he result of an autosomai mode of inheritance. For FIG 2: Percentage distribution of fre uency of observational neuro- 

’ *thiS;. the pedigrees of aill cbnfin%ed ‘<as& in- &&at B&a&r,. 
&kal sips in 192 ,co.&ned, bses o .BSE. 4 ..- .-_ ,,%.. ( .* ., .: , 

,,. _ 
,.. .__ .ac&mruiated.by th&nti of Mar& 19B; weii: use&to p&duce . .._. categpriesfoi87-2 per-ceut of&ha S9Z caSei. Gene&clinical .,;. _ _ 

a iist of putative heterozjgdus tirrier bulls, ie, the-sires or 
- . maternal grandsires of confirad-cases. This. allowed the 

identification of animals from the specified herd whose sire 
and maternal grandsire were putative heterozygous carriers. 
Only confirmed cases were considered in the analysis of the 
segregation ratio of unaffected : affected cases in this herd. 

Results _ .- , . . ‘ . . . . 

The frequency of the presenting clinical signs recorded for 
156 confirmed cases is shown in Fig I. The most common his- 
tory given by the herdsmen was ‘nervousness’ or ahered be- 
haviour and, or, temperament. Manifestations of such ‘ner- 
vous’ behaviour included a reluctance to enter the milking 
parlour or pass through other doorways, separation from the 
rest of the herd at grass, apprehension and hyperaesthesias, 
particularly uncharacteristically vigorous kicking in response 
to handling at milking Subtle changes in pelvic Iimb gait, re- 
ported by herdsmen, were the earliest locomotor signs to be 
recognised in some cases. In others the first sign of abnor- 
mahty was difficulty in rising from a normal lying posture, but 
cm careful inspection this\weakness was ina&ably.as.sociated. 
with pelvic limb ataxia. The majority of such cases were dry 
COWS at grass and were not examined each day. 

Clinical examinations revealed neurological and general 
signs; no results of clinical neurological testing were available. 

.These reportedobservations.were, where possible, interpre:. 
ted and assigned to conventionally accepted categories of rhe 

. . . neufobgic-& exam&&on : The firequeneies& signs.~f+&e+ed 
mental status. posture or movement, and sensation in the ini- 
tial 192 confirmed cases are shown in Fig 2. Deficits were re- 
corded for 97.9 pir cent, 92.gpei cent and’9~9percent, in 
each of these three categories.respectively, and in all .three 

sign; in this set were Ioss of bodily condition (77.6 per cent), 
liveweigh.t 40s~ (734,.per- cent). and reducedmi~k yield (69~8 . , 
per cent). In 78.6 per cent of animals each of the neurological 
sign categories and at least ane of the general signs were re- 
presented at some stage of the observed clinical course. No 
cases exhibited only general signs. The range and severity of 
the clinical signs progressed in all cases. Initial subtle gait 
abnormahty progressed to an obvious swaying gait, shortened 
stride and awkwardness in turning. Day to day variations in 
theipresknct: and intensity of signs were bbseived; and m’ain- 
taming animals in quiet and famihar surroundings resulted in 
a reduction in the severity of signs, particmarly hyper- 
aesthesia. Appetite was maintained in ail but seven (3.6 per 
cent) cases and apparent difficulty in prehension was obser- 
ved in a further five (2-6 per cent) cases. Other clinica signs 
recorded at a similar or lower frequency were a reluctance to 
mount steps, exophthalmos, moaning/vocaiising, intraspecific 

No.dcows 

110 

FIG 3: Distribution 
of confirmed cases 
bv duration of illness 



7b.a~~ 1: ,ginlcst p&tories of seven confirmed cases of BSE with a dura- 
tion of i~hess of I~SS than 15 days 

DuraIlon 
of dlness Died/ 

Case Cknicai hrstory (days) slaughtered 

1 Initial hypennetrrc gait, 7 Staughtered 
j/ progressive ataxia over next three days 

followed by ‘nervous signs’ 
and recumbency 

2 Rapid loss of weight and _ 11 Slaughtered 
‘became dangerous’ 

3 Rapid deterioration after 11 Died 
simultaneous onset of pelwc limb 
ataxia and ‘nervousness’ 
wtth recumbency 10 days after onset 

4 Acute reduction in milk yteld 11 Slaughtered 
-. ~endtoss.ofweight followed by. . 

aggression and recumbency 
6 Rapid delerioration in gait 12 Staughterad 

resulting in failing and 
ihability to walk on concrete 

6 Initial vocalising followed by 12 Slaughtered 
recumbency 10 days atter onset 

7 Paraparesis culminatmg in 14 Slaughtered 
recumbency 

._ i . . ._ ._. . . . . . 
:a&nist& behatiiour, s&ation; seiztires, lachrj;&ation; reluc- 
tance to he, licking of objects and scratching of the head with a 
hind foot. Signs of severe pnuitus were not evident but a re- 
flex resembling that of the ‘nibbling’ reflex of scrapie-affected 
sheep, tith nqz?k extension.atidlip movem&t+,,wq qliijt.ed in- 

. . .,_ .a small numbed of &ks Gy &ipa&g’the lumbosacrab~spine. , : me &j&jj&io~ ofth~‘~u~*ti~~.o~.~t]~~~ fjf a~J:&&,-f&~ 1 
_^ _. clinical onse.t to death or slaughter is shown in Fig 3. The co?- 

Si&&m ‘cif diinical‘s;gns’cbmprij’ing a$prkhe&ve &h$our, 
locomotive deficits, hyperaesthesia and weight loss became 
apparent in the majority of cases six to eight weeks after 
onset. Slaughter of affected animals became necessary be- 
cause of their unmanageable behaviour, traumatic damage as 
a result of repeated falling and prolonged recumbency; death 
o&utied in seven of the 192 cases. The duration from clinical 

. . onset to death or sIaughteK of 10 of the 192 cdses was.14 days 
or less. Of these, three were slaughtered early in the course of 
the disease with an established clinical diagnosis. The clinical 
histories of the remaining seven cases (3-6 per cent) are shown 
in Table 1. 

The distribution of all cases by month and year of onset is 
shown in Fig 4. Herd records revealed that the earliest clini- 
cally suspect cases occurred in April 1985. The incidence in- 
creased markedly in September 1987 and thereafter a con- 
stant incidence of some 60 cases per month continued until 
January 1988. Examination of the course of the epidemic after 
this date is not possible at the time of writing because of the 
lag between the time of clinical onset and the time of notifica- 
tion. 

The p&ckntage‘iiicid’erice of affected dairy’heids by cciuntj 
in England, Scotland and Wales since the start of the epidemic 
is shown in Fig 5. The incidence was greater in the counties of 
southern England than in the rest of Great Britain, with the 

TABLE ,1: Dlstrlbutfon CD? efl cases of WE by breed, xnd confirmetion 
5tBtUS 
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greatest r?ported incidenie in Kent. 
-’ The ‘di~~tiiibuiio% of’ctisis’ by functidn’a‘i.‘tjriie‘(a’riijr bibeef 
suckler) and by breed is shown in TabIe 2. This dairy breed 
distribution is similar to that for England and Wales (Milk 
Marketing Board 1987) indicating no breed predisposition. 

The recorded incidence, from April 1, 1985 to March 31, 
1988, of dairy herds affected (311 of 44,767) was considerably 
greater than the incicfence in beef suckler herds (11 of 54, 
3663. . . . 

AI1 cases were in adult females except for one confirmed 
and one clinically suspect case in adult maIes, resulting in a 
comparable incidence in males and females, given the avail- 
able denominators from the annual agricuhural censuses. 

The incidence of affected dairy herds increased with in- 
creasing herd size (Table 3). The estimated annual within 
herd incidence in the 12 month period April 1,1987 to March 
31,19&? for the herds with at least one confirmed case ranged 
from 0.20 per cent to Il.11 per cent of adult animals, with a 
mean of 1.52 per cent. From April 1, 1985 to March 31,1988, 
77.2 per cent of affected herds had experienced only one case. 
During the same period multiple cases were reported in 128 
herds and, in 75 of the 100 herds for which the dates of birth 
wer~avaiiablt, tuio or moreCaseS were born in the’same eal> 
ving season. The distribution of these herds by the tot61 
number of cases and the numder of cases born in the same 
calving season is shown in TabIe 4. 

All cases occurred in adult animals with an age range of two 
years nine months. to.11: pears.of age:.The age specific%sci~ 
dences of BSE within 146 herds which.experienced at least one 

cases cases 1987 are shown in Fig 6:These herds comprised 17, 339 ani- 
Bee! Beef Beef I 

.. bariy suckler Daify sudkfer Dai+ sukkler 
m$s of two years otage or older and the highest incidence was I ._. 

Breed wws WWS wws wwq cows cows 
-’ in thi four-year-old a‘ge g&up. A maiked re’d&tion.iri in&- 

. 1 
dence was evident in six-year-old animals (O-25 percent) corn-. I 

1 
Friestan I Holstein 451 0 211 0 662 0 pared with five-year-old animals (I-92 per cent). A compari- 
Ayrshire / 3/4 Ayrshlre 

I 
11 0 0 0 11 0 

Guernsey I ?#4 Guernsey 10 0 6 0 16 0 TABLE 3: lnddence of affected dairy herds by herd size 
f 

qreford. 5 ,F<&ian’ 0. 30 
;. 

,TQ&‘x ‘F@$&h _ ’ ‘,I ‘.. 0: .. 
I 

.l :_ :’ y.$- 

. . . ..J?rsey r.Foesian _.__,. 1, _ _.. 0. . ..,o ., a .,I 0 j . . .I 
S@thom 

. . . :. >.. I- .&so. .:-..~QB-. ,Q&fgg.. :-. &‘oO. . . i .,-...$... 
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FIG 6: Age specific *. tncidence of BSE 
cases in confirmed 
herds in 1987 

No common factors, in terms of tretments to calves, young 
stock or -tie adult heid WC% pies&it: These ihclude’d t&-use -... 
i$ -uai;dne~;.bdrmones., arganaphosphows. fly. sprays,. s;yrr: _... . . . . 
&tic pyrethrgid spiayj and erir tags and axithelmin*tics. There 
was-no evidence sf an association with any single compounder : 
of proprietary feedstuffs, but all the affected animals for 
which an accurate feeding history was available had received 
proprierary feedstuffs. 

Data on the use of weedkillerslherbicides and pesticides 
were obtained for the initial 145 farms. Weedkillers/ 
herbicides had not been used on 22.9 per cent of farms and 
pesticides had not been used on 68.9 per cent of farms. 
’ Anaifrsis oi’thti iecords of @ ichaSes of animBls irito affected 
herds over the previous seven years did not reveal any associ- 
ation between herds, except that three cases in purchased ani- 
maIs in three herds were from known affected herds. 

The identities of the parents of 501 cases were available; 
239 different sires were involved. BSE occurred in one of each 
of nine sets of female twins; seven cases were confirmed and 

a) CIinicof onset Jan-June 1987 

7. of costs 
60 

50 

D, - -, , 

kh 3nnel - 
- ~. l l:lands - 1, . . , 

RG 5: Percentage incidence of BSE affected dairy herds by county, 
April 1985 to March 1988 

son of the percentage distributions of all BSE cases, by year of 
birth, having a clinical onset in the period January to June 
1987 with the same distribution for cases having a clinical 
onset in the period January to March 1988 showed no evi- 
dence of a major change in the age specific incidence rates 
(Fig 7). There was no evidence of an association between the 
stage of pregnancy or season and clinical onset- 

The dismbu$on of 145 herds, with at least one confirmed 
case, by their cattle purchasing policy and the presence of 

. sheep on the farm. since. 1980 is. shawn in <Table 5. In. 15 per 
cent of herds no cattle had been purchased and 20 per cent of 
herds had had no contact with sheep. . 

TABLE 4: Distribution of 100 multiple case herds by tha number of cases 
_~__ per herd and the maximum number of cqses born in Lhe.sarne.wlving 

saason 19791980 1981 1982 19831984 

.., 
number calving season 
of cases 

. per herd. . 0 2 3 ‘4 ‘5 6 
b) ,CJinicol onset Jan-March 1988 .._ 

.2 24 29. 0 0 0 0 53 
3 1 13 7 0 0 a 21 
4 a 6 4 1 0 a 11. 
5 0 3 1 0 a a 4 

-.G:..:. 
0 

;, _, __. .\.Q . . . . . .;.:. .: 
2 *. o . . . f y’ . :, : y..... $ _:_ __ , 

. . 0.. 
0 ” - 

._:_ B  - a_ c.. ‘9 -_ * .~. 
10 . . . .11 
12 
Total 

0 1 
0’ ” 0 0’. 1’ 0 
0 0 0 1 0 0 1 

25 53 14 6 1 1 100 
l:c 

1979 1980 1981 1 

1 FIG 7: .Perqentage , : 
disrribution of all 
BSE ciinical cases by 
date of clinical onset 
and year of birth 
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TABLE 5: Distribution of 145 herds with at least one confirmed case by Discussion 
the presence of sheep on the farm and cattle purchasing policy since 
1980 The results of this study support and extend the t,tigmal ) 

Presence of sheep on farm since 1980 
Own flock Wtnter 

(Wells and others 1987) and subsequent evidence (H~)pr* and I 

Caftle purchasing +/- winter grazing 
others 1988) of a close relationship between BSE and ttu* trans- 

t* 
k, policy stnce 1980 None grazing only Total 

missible spongiform encephalopathies caused bv tmcon- 
ventional infectious agents. I 

No purchases 6 5 11 22 
No purchases, but 

Presenting signs given in herd histories provide useful indi- 

bulls hired/shared 1 3 - 3 7 
caters of the initial perceptions of the disorder by her&men, 

_. Breeding animals but as they were determined by the opportunities for obscrva- 
- purchased 22 49 45 116 tion in relation to herd management they may not give 41 true 

Total 29 57 59 145 picture of the onset of disease. Interpretation of a clinical 
neurological basis for the reported clinicaf signs was aIs{, uec- 
essariiy limited by the form of the d.ata and mayrequirc rcvi- 

two were suspected clinically. All the unaffected tv+s SIJT- 
sion with more detailed studies of the clinical progression of 

’ 
vived to at Ieast the age of their sibling except for the twin of 

the disease. The constellation of neurological signs ultinx~tely 

one of the clinically suspect cases which was culted one year 
apparent in the majority of cases included behaviouml dis- 

earlier. 
orders, gait ataxia, paresis and loss of bodyweight (see ;tlso z, ., 

Fifty-three confirmed cases, for which data were available 
Cranwell and others 1988, Whitaker and Johnson 1958) atid is 

to identify at least five generations in the sire line, were found 
consistent with a diffuse central nervous system disorder. The 

in a search of the pedigree database for. bulis which. were 
most obvious difference between the clinicai signs in USV and 

. COUUtlOll t0 at least. 10 cases.-Erreipective of the ralation;hip 
in scrapie was that in BE pruritus was not a pre.dominant sign. 
The frequency of &&al signs gave a perspective of the clini- ,. 

between the bufls so identified, the maximum number of cases 
related to one bul1 was 26.. 

cal syndrome but as in scrapie and other transmissible spongi- 

TWO hundred and seventy-nine female offspring with both a 
form encephalopathies, with the exception of kuru (1 lorn- 

: : putative carrier sire and maternal grand.sir.e were @&f&d. 
abrook. 1979), the presenting clinical signs’ and the disease 

.frorri’~~‘~~edingbecdrdso~the one &id: T& dir&ibution’of 
cpufie of n$i showed consi+$bk. val;ia&n. i , . . 

The initial changes. in behaviour, in a high pr.opo&n of _ 
_... , tie~~-dfspring ,bg .fheir -year of birth, +eii ~maxfmum’ ;r~ri”‘: %~&s: .w&re’suggestisti;e ‘of*b~tjomagnesaemia b;rne&uG k& 

-, . . 

attained in the herd .up to June 1987, and BSE status is shown& 
;: Table 6. There was. no evidence in these data of the atiticipa-. 

ted segregation ratio of seven unaffected animals : one con- 
firmed case to support the hypothesis of an autosomal re- 
cessive inheritance of BSE. 

tosis. A lack ofresponse to ;;eatme,nt and the more insidious ~ 
onset of the cIiiric%l signs and their ‘cjlronjhty are-of valrtc‘in , 
differentiating BSE from these two conditions. Cases uf lis- 
teriosis, diagnosed histopathologicaily during the course of 
this study, which had clinical signs suggestive of BSE Id a 

considerably shorter clinica! course, of 15 days or less, h&ore 
euthanasia became necessary, compared with the majority of 
confirmed cases bf BSE. Other differential diagnoses which 

.may, need to be considered. include lead poisoning. ccre- 
brospinal abscesses or other space occupying lesions ;md 
spinal trauma. CIinicaI blood biochemistry has not revo;tled 
consistent abnormalities in confirmed cases of BSE (Johnson 
and Whitaker 1988, Whitaker and Johnson 1988). 

The recorded distribution of the duration of the ilhress was 
confounded by the euthanasia of animals, but is similar tt) that 
observed in natural scrapie of sheep (Dickinson 1976, Palsson 
1979), chronic wasting disease of captive mule deer (Odr~Qr- 
leus hemionw hemionus) (Williams and Young 1980), spongi- 
formencephalopathy of Rocky Mountain elk (Cervur efu$rm 
nelsani) (Williams and Young 1982) and Creutzfeldt-Jitkob 
disease of man (Bernoulli and others 1979, Malmgrcn and 
others 1979). Cases with a duration of clinical illness of less 

.than 15.days wefee-associat6d tiih tin a&i&+’ onset of cfinicaf . 
signs: Similar clinical histories have bep,n observed in casts of 
scrapie in sheep (Joubert and others 1972) and of Creutzfcidt- 
Jakob disease in man (Bernoulli and others 1979). SinL-c re- 

The use of a computer based simulation model indicated 
that the values of the age specific incidences observed in 1987 
were consistent with the following features. First, both calves 
and aduhs (over two years oJd) have been exposed, but the 
risk of exposuie for d&es was 30 times that for adults; sec- 
,ondly, exposure of the cattle population commenced in the 
winter of 1981/1982 and continued to at least the end of 1984 
and, thirdly, an incubation period with a range from 2.5 years to 
at least eight years and a log normal distribution. The maxi- 
mum incubation period that could have been observed in 1987 
was six years. Further epidemiological data far 1988 and sub- 
sequent years is needed to determine whether exposure con- 
tinued after 1984. 

If exposure is assumed to have continued, but with no 
change in the risk of exposure, such as that from cattle to 
cattle transmission, then the annual incidence rates in three- 
and four-year-old animal: would remain constant, and those 
in the older age groups wouldincrease shghtly over the next 
two to three years and then stabilise at a lower rate than in the 
three- and four-year-old age groups. This would result es- 
sentially in a constant incidence of cases. 

_-. ._, __ j 

Maximum Year of birth. 
age in herd 
UP to &K&e i 987 (months) t 975 .I976 1977 1978 1979 1980 1981 .I 982 1983 1984 1985 1986 Totaf 

S12 0 0 0 0 2 0 0 13-24 0 0 0 0 7 9 
0 0 0 0 25-36 0 0 0 0 t 2 65. 1 69 
0 0 3 1 

37-48 0 1 .o t 

S-96 ‘. 
..-._. _ a..+ ” ,2 .__ L’,3 .; “,o.’ ..-.;(j -‘. .‘b’ 

97-106 11 3 0 0’ 0 0 0 
.o. 0. 0 3 5 d 

.o .16 
0 ‘0 ‘0 “0 ‘s 

. 
,_- . ‘2 109-.’ ,’ 0 

Totat 2 
0 

0 3 2 0 0 0 0 0 0 
3 

0 0 7 
1 6 11 30 18 40 47 32 17 66 8 279 

Numbers in bmckets are numtmrs of confwmed cases 0, eSE 
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cumbency was the culminating fearure of five of the seven 
short duration CXKS. COWS which present with ‘downer cow 
syndrome‘ should also be considered potential, if atypical. 
cases of BSE. 

‘The preponderance in the Friesian and Friesian-Hofstein 
breeds precluded any quantitative comparison of the clinical 
history and signs in the various breeds affected, but there 
were no obvious major differences between breeds. 

agent ihrough a particular biologicai product was not suppor- 
ted by the use of such products in affected lierds: The absence 
alsp of any a association between the time of onset of clinical 
signs and either the calendar month or stage of pregnancy was 
not consistent with an acute toxic effect of pharmaceutical 
products or agricultural chemicals, the uses of -which are re- 

;stricted,to,parti‘~~!ar ,rnpr@  or,seaqns, or 10 specific time! $n 
22 ar$mal’s,‘Ffe span oi production~cytile. 
i.. In.scrapie,. the role & @ i&5 is nbti’$5itraNy considered 
to 

-.:.. ~.~~~~~.~~.- 
~a~tnCCZ~-~tb&y to disease 

?&kinsOn a-nd~~~~7~~~~a~~c~,~~~ i%%jxir. 
viously, it had been proposed that genetics had a role in deter- 
mining directly the expression of scrapie through an auto- 
somal recessive mode of inheritance (Parry 1962). The 
number of sires of cases involved and the absence of any breed 
association militated against an autosomai mode of inheri- 
tance as a cause of BSE and the specific genetic analysis in the 
.one herd further eliminated the possibility of ELSE being ex- 
ctusively determined by simple mendelian inhehtance. The 
precise role of genetics in determining susceptibility to BSE 
remains unknown, but is a subject of further research. 

Commercial Concentrates, either as finished rations such as 
pelleted calf feed and dairy COW cake, or protein supplements 
used in home mixed rations, were fed at some time to all the 
cases for which accurate‘records were available. Two animal- 
derived products, meat and bone meal, and tallow, may be 
incorporated into these feedstuffs. Studies are in progress to 
determine more precisely the exposure of affected and un- 
affected animals to meat and bone meal in commercial con- 
centrates, but the current evidence suggests that meat and 
bone meal has been the vehicle of infection. Meat and bone 
meal is distributed, and incorporated into animal rations, 
within a relatively small radius of its production compared 
with tallow (MMC 1985). The geographical variation in ipci- . 
dence is not consistent with the distribution and use of tallow. 
A&crapid&...age_nts. are intimately associated with celI - .-- . -__ ___ 
membr%es (Millson- and others 1976)-:&d ‘i~‘ih~?%iZ%ing 
pibcess such agents would probably parti.tiop with the celiufar 
residues of the meat and bone mea1 fraction, rather than with 
the lipids df tsfltiw. 

The food-borne hypothesis is also supported by the con- -6a 
siderably greater incidence in dairy herds compared with beef 
suckler herds, because there is less concentrate feeding, parti- 
cularly of calves, in the latter herd type. The positive associa- 
tiqn betveen herd sjze and the .@st of occurrence ?fq-c?se of , : , I 
KZ i,? ii&$ to be’d& co an iricredsed probability of purchas- 
ing.-an Ifife&ci batch of’fdod“Ktb ‘i,ncrtasing herd sizb: It iS’ .. : ..a 
also interesting in this respect to note tlie occurrence of a scra- 
pie:fike disorder with spongiform encephalopathy.in a 33- ‘.’ 
month-old nyala (%zgeLz$zus angusi) in 1986 and in a gems- 
bok (Oryx gazeliu) in 1987 on a wildlife park in the south of 
England (Anon 1986, Jeffrey and Wells 1988). These animals 
had no contact with each other and no source of a trans- 
missible agent was evident when they were investigated. 
Further investigations reveaIed that they were fed a con- 
centrate ration containing meat and bone meal. This in- 
gredient was first incorporated into the ration in early 1986 
and the maximum incubation period was three months for the 
nyala and 15 months for the gemsbok. 

The analysis of the records of purchases of animals a”d the 
investigation of the pedigrees of the sires used, particularly in 
closed herds, provided conclusive evidence that BSE was not 
introduced into Great Britain by imported cattle or dis- 
seminated via semen. 

The distribution of cases by month andye-q-a-_qfans&& 
characteristic of an extended common source epi-demic. 

sovement of cattle between known artecfea~~d~c&i?i$ii’ 
account for the occurrence of cases within and between herds. . . c .&n-d; all 
affected animal9 therefore appeared to be. index cases. 

There is pathofogicai evidence that the aetiology of BSE is 
related to that of scrapie. In iddition to the Iight microscopic 
similarities, electron microscopical examination of extracts of 
fresh brain from confirmed cases of BSE have detected scrapie 
associated fibrils .(Wefls and, others 1.987; Wells and Scott 
1988) the occurrence of which is confined to spongiform en- / 

There was no clear or single explanation why, in 1982, 
cattle apparentfy became first exposed to a transmissible 
agent sufficiently to result in clinical disease. A number of 
factors have been identified which when combined are un- 
doubtedly significant in the ocarrence of this epidemiological 
phenomenon. These include: a dramatic increase in the sheep 
population in Great Britain whish e,mwnced in3980..andbas _.-.-l--nl..-..-- - 
cijrX;Ged (MAFF 1988); ;a Droba&l~~~~the-prevafence __ 
of scrapi&inft%ft?d flocks (J. W. Wilesmith unpublished data); 
the greater incltisioti bf>&ep heads in material for render@g; Ii?:. --, _ - -. -i . . .._ 
the greater inclusron ofCae~n~d sheep in q@- 
eri_al fo; rend&ring as-a result.of thk-ieduction in the number of 
knaxers 

7 

-I?------- ars ?l%~niroductron of conG&%Td&&g 
p-s unng the l~~~a~~s~~~h-~~~~~~~~~~~d . - -. _-___ _ 
in ih6 r&de’ring bf ZiiEi~l ‘i%iZi’al at a lower temperature _.-.. ... :- and, or, a-shorter time than: pr~~~~sly and-the de$ins.i$‘t& 
practice of using hydrocarbon solvents and terminal heat --. _. _ 

+~$talo~&h’it% associatetiwith~ *ransmissibfe “agents w ..t i~~~~ena:~d;;~,~~~~~~~tj~~~~~~-~~~~~~g~o~ (M&+c. I985)... - -_. .:r 
and others 1983). More recently, molecular studies of brain These factors provide a possible c$&%% for a change in 
fibrifs from confirmed cases of BSE have substantiated 
scrapie-like nature of BSE (Hope and others 1988). 

the eFosure of cattle to sheep-derived protein and the scrapie 
agent. A further hypothesis to explain the occ~%~%E% 

The results of the present study preclude the r -.----. transtq,$on _..-__------ .- -- tKZiiergence or selection ot a stram, or strains, of .the scra- 
of the scraple agent from sheep to cattle via direct or indirect 

---,- - 
. --..-. __-_-._. .._- .--_. ___.. pie :ag~~~-?~~~~~~ utatlons of?he scraple 

~?R%& on affected farms because of=GiiTihe epldeniic 
aid the absence of sheep on 20 ps!: cent of farms with BS~: %e 

age<~,?i%~h 
_.--. - _ -.._“- -_:_ --. ._.. A- 
can be selected after a single passage in mice, 

have been well documented (Bruce and Dickinson 1979). If 
E  ;was;tk, Esuft.:of &  Iocqfised chancy-tran~~~ssio~.frqm.... +. . : .:.: 
.&5 tpcpttle qf a m ’utaot;scr+% &iii [oi straip.$+ing.rjse : ,: . ~ : 

to a mutant) an increasing incidence over t&e WOUND' be ex- 
., . . t.ne.occurrence of a-.tronsmissible-spongiform enccphaio: pected.*This is not the case: The.form of the-epidemic and the . 

pathy (TbtE) in ranch reared mink (Muslela v&n) first recor- 
ded 40 years ago (Hartsough and Burger 1965) is a probable 

geographically widespread occurrence of BSE would require 

precedent for the food-borne transmission of the scrapie 
the simultaneous emergence of this mutant scrapie strain in a 

agent. A  source of the infection in mink has been attributed to 
large number of flocks (or cattle herds) throughout the 
counrry 

643 

the feeding of scrapic mfccred sheep or goat tl\sues (Marsh 
and Hanson 1979). 



The reaLon for the geographical rarlation in incidence was References 
not established by ttus stidy. The variation could not be ex- “1 plained simply either by the variation in the potential ex- 
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Addendum 

The recent preliminary report (Fraser and others 1988) of 
production of scrapie-like disease in mice inoculated with 
brain homogenates from BSE cases provides the first direct 
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